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The CD39 Lymphoid Cell Activation Antigen 

Molecular Cloning and Structural Characterization 
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CD39, a 70- to 100-kDa molecule expressed primarily on activated lymphoid cells, was previously shown to 
mediate B cell homotypic adhesion v^hen ligated w\tU a subset of anti-CD39 mAbs. In the present study, we 
describe the cloning and molecular characterization of human and murine CD39. The nucleotide sequence of 
human CD39 includes an open reading frame encoding a putative 510 amino acid protein with six potential 
N-linked glycosylation sites, 1 1 Cys residues, and two potential transmembrane regions. Murine CD39 shares 75% 
amino acid sequence identity with human CD39 but fails to cross-react with anti-human CD39 mAbs. Although 
there were no significant similarities with other mammalian genes, considerable homology was found between 
CD39 and a guanosine diphosphatase from yeast. A series of mouse-human hybrid molecules was constructed to 
determine the general topology of CD39 and the location of a biologically functional epitope. These findings and 
supporting evidence from an anti-CD39 mAb-selected phage peptide display library indicate a likely model 
wherein a short intracellular N-terminus is followed by a large extracellular loop containing the epitope recog- 
nized by stimulatory anti-CD39 mAbs, and a short intracellular C terminus. The results demonstrate that CD39 is 
a novel cell surface glycoprotein with unusual structural characteristics. The Journal of Immunology, 1 994 1 53* 
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CD39 was originally defined as a B cell surface 
marker (1-3), but subsequent studies have de- 
fined a broader range of expression that includes 
subpopulations of activated NK ceils, T cells, and certain 
T cell lines (4, 5). CD39 expression in lymphoid tissue is 
primarily limited to mantle zone and paracorticai lympho- 
cytes, macrophages, and dendritic cells and is generally 
absent from germinal centers (4). Endothelium and certain 
endothelial cell lines also express cell surface CD39 (4), 
The restricted expression of CD39 on activated lymphoid 
cells and in anatomical sites of ongoing B cell difiFerenti- 
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ation suggests that the molecule may play an important 
role in Ag-specific B cell responses. Studies demonstrate 
that CD39 ligation can result in signal transduction: treat- 
ment of CD39^ B cell lines with certain anti-CD39 mAbs 
induces homotypic adhesion, a phenomenon that is energy 
dependent, involves tyrosine kinase activity, and is only 
partially mediated through LFA-1 (4, 6). The relevance of 
these findings to B cell growth and differentiation remains 
to be established. 

CD39 has been immunoprecipitated as a 70- to 100-kDa 
protein that is heavily A^-glycosylated (3, 4, 7); however; *" 
little else is known about the biochemical nature of this 
molecule. In the present study, we describe the cloning, 
expression, and molecular characterization of human 
CD39 as well as the identification of a murine CD39 ho- 
mologue. The results indicate that CD39 is a unique cell 
surface molecule that contains two potential transmem- 
brane regions and a hydrophobic segment within the ex- 
tracellular region. In addition, the epitope recognized by 
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stimulatory anti-CD39 mAbs has been provisionally local- 
ized to two sites flanking the extracellular hydrophobic 
region. 

Materials and Methods 

Cells and reagents 

The human MP-1 cell line is a spontaneously derived EBV-transformed 
B lymphoblastoid cell line (LCL)^ grown from PBMC as previously 
described (8). The B73 mAb, a murine IgGl, was derived from BALB/c 
mice immunized with the RPMI 1788 cell line (9) and characterized as 
CD39-specific by flow cytometric analysis and immunoprecipitation/ 
SDS-PAGE. The G28.10 mAb was the kind gift of Dr, Ed Clark, Uni- 
versity of Washington (Seattle, WA), and the AC2 anti-CD39 mAb was 
purchased from AMAC, Inc. (Westbrook, ME). 

Flow cytometry 

For anti-CD39 binding experiments, MP-1 cells or transfected COS-7 or 
CV-l/EBNA cells were incubated with anti-CD39 mAbs B73, AC2, or 
G28.10 or murine IgGl as an isotype control (10 ^tg/ml). After 30 min 
at 4°C, the cells were washed and incubated with a phycoerythrin-con- 
jugated second Ab (affinity-purified goat anti-murine IgG; Tago, Inc., 
Burlingame, CA) for 30 min at 4°C, and then washed. Alternatively, a 
combination of biotinylated 873 mAb and phycoerythrin-conjugated 
streptavidin (SA-PE; Tago, Inc.) or biotinylated goat anti-human IgG 
Fc-specific Abs (Jackson ImmunoResearch, West Grove, PA), and 
SA-PE were used to stain cells transfected with CD39-Fc chimeras for 
CD39 and Fc expression, respectively. Ail Ab dilutions and washes were 
performed in PBS containing 10% FCS, 10% goat serum, 500 mM 
EDTA, and 0.02% sodium azide. Stained cells were analyzed on a 
FACScan flow cytometer by using a logarithmic fluorescence intensity 
scale. For fluorescence-activated cell sorting, transfected COS-7 cells 
were recovered from culture dishes with Versene and stained with Ab 
reagents as described above. The stained cells were sorted on an EPICS 
flow cytometer and 10,000 cells representing the top 0.1 to 0.3% bright- 
est staining population were selected. 

cDNA expression and immunoselection 

Double-stranded cDNA was synthesized from polyadenylated RNA ex- 
tracted from MP-1 cells and ligated into the mammalian expression vec- 
tor pDC303 as previously described (8). Plasmid DNA from the resultant 
cDNA library, representing 500,000 individual clones, was purified by 
alkaline lysis and cesium chloride gradient centrifugation (10). 

Three sequential rounds of transfection and immunoselection were 
performed as follows. In round I, plasmid DNA was transfected into 
subconfluent layers of COS-7 cells by using DEAE dextran followed by 
chloroquine treatment (11). CD39^ cells were selected by panning on 
B73 mAb-coated plates according to established procedures (12). Episo- 
mal DNA was prepared from the panned cells, amplified in Escherichia 
coll and reintroduced into COS-7 cells (round II) by clectroporation as 
follows. COS-7 cells were suspended in serum-free medium and placed 
into clectroporation cuvettes (3 X lO^Vcuvette) along with 5 /ig of plas- 
mid DNA. Cells were electroporatcd by using 300 V at 500 ^tF. The cells 
were then placed into tissue culture plates with fresh, serum-containing 
medium. After incubating for 3 days, CD39'^ cells were selected by 
panning on B73-coatcd plates. Plasmid DNA recovered from round II- 
panned cells was electroporatcd into COS-7 cells (round III) and CD39^ 
cells were selected by FACS as described above. 

Plasmid DNA was recovered from the round IH-sorted cells, trans- 
formed into E. colt, and divided into 10 pools containing 500 individual 
recombinant plasmids each. The final stage of cloning involved three 
successive rounds of transfection and screening with the use of a slide- 
based autoradiographic screening technique as previously described (8). 



^ Abbreviations used in this paper: LCL, lymphoblastoid cell line; FISH, fluo- 
rescence in situ hybridizalion; DAPI, 4'6-dinmidino-2 phenylindole; SA-PE; 
phycoerythrin-conjugated streptavidin; TBS, Tris-butifereci saline; Humu, chi- 
meras of human CD39; Muhu, chimeras of murine CD39; pHuCD3y. human 
CD39 expression plasmid. 



Briefly, COS-7 cells were transfected in slide chambers and incubated for 3 
days. Cells were then treated with '-''l-labeled B73 mAb. coated with phtv 
tographic emulsion, and in situ autoradiography was performed. Positive 
fxxjis were sequentially split until a pure clone was is<ilaied. Results at each 
stage of screening were verified by flow cytometric analysis of iransfectanis. 

Construction of a AgtlO library containing cDNA from the murine 
70Z/3 prc-B cell line was previously described (13). The library (10" 
recombinant plaques) was screened for murine CD39 clones by using a 
radiolabeled cDNA probe representing the human CD39 coding region. 

Sequence analysis 

DNA sequencing was performed on an automated DNA sequencer (ABI. 
Foster City, CA). Sequence uniqueness and relaiedness were determined 
by using the FASTA algorithm (14). Alignments between human and 
murine CD39 were performed by using GCG sequence analysis software. 
Identification of putative transmembrane regions used the criteria devel- 
oped by Eisenberg et al. (15). The prediction protocol of Harimann ei al. 
was used to determine the spatial location of the amino terminus (16). 

Immunoprecipitation and SDS-PAGE 

MP-1 cells or transfected CV-l/EBNA cells (American Type Culture 
Collection, Rockville, MD; CRL 10478) were surface-labeled with biotin 
as previously described (17). Cells were then lysed for 5 min in extrac- 
tion buffer consisting of PBS, Triton X-100 (1%), aprotinin (300 U/ml; 
Boehringer Mannheim, Indianapolis, IN) and EGTA (5 mM). After cen- 
trifugation at 12,000 X g for 10 min, 20 /i.1 of the cell lysate was incu- 
bated with B73 mAb, M2 anti-CD40 mAb (Immunex R&D Corp.), or 
control murine IgGl (10 /xg/ml) for 1 h at 4^*0. This mixture was incu- 
bated with 50 ^I of protein A/G-agarose (Pierce, Rockford. IL) for an 
additional 30 min to allow the formation of a precipitable Ig matrix. The 
pellet was subsequently washed three times with 0.5% Nonidet P-40 in 
10 mM Tris, 50 mM NaCI, pH 7.2, and once with PBS. Immunoprecipi- 
tated proteins were eluted with Laemmli buffer containing 200 mM DTT, 
boiled, and subjected to SDS-PAGE on a 10 to 20% gradient. After 
electrophoretic separation, the immunoprecipitated, biotinylated proteins 
were electrophoretically transferred to nitrocellulose filters. After transfer 
and washing in PBS, filters were blocked with PBS containing 1% nonfat 
dry milk for 1 h. The filters were washed twice in Tris-buffered saline 
(TBS), and then probed with streptavidin-horseradish peroxidase 
(Zymed, S. San Francisco, CA) in TBS containing 1% phosphatase-free 
BSA (Calbiochem, San Diego, CA) and 0.5% Triton X-100 for 1 h at 
room temperature. The filters were washed extensively in TBS and bound 
streptavidin was detected by using the ECL enhanced luminol chemilu- 
minescent substrate for horseradish peroxidase (Amersham, Arlington 
Heights, IL). Emitted light was detected by exposure of the blot to Kodak 
X-OMAT film for exposure times of less than 10 min. 

Hybrid iza tion tech n iques 

Total or polyadenylated RNA from murine cells was subjected to elec- 
trophoresis in a formaldehyde/1.2% agarose gel, blotted by capillary flow 
onto a Nytran filler (Schleicher & Schuell, Keene, NH), and hybridi/.ed 
with a ''^P-labeled antisense riboprobe as previously described (18). The 
riboprobe consisted of nucleotides 1 to 1062 of the pHuCD39 (human 
CD39 expression plasmid) cDNA insert. The first wash was for I h in 
2 X SSC at 50°C, then 20 min at 55''C in 0.5 X SSC and finally 20 min 
at 63°C in 0.25 X SSC. Dried fillers were exposed to Kodak X-OMAT 
AR film and developed. 

Genomic mapping 

The full-length cDNA insert in pHuCD3y was nick-translated with bi- 
otin- 14-dATP. The cDNA probe was hybridized in situ at a final con- 
centration of 15 ng//i,l to mclaphases from two normal male mice. The 
fluorescence in situ hybridizalion (FISH) method was modified from that 
previously described (19) in thai chromosomes were stained before anal- 
ysis with both propidium iodide (as counicrstain) and DAPI (for chro- 
mosome identification). 

Plasmid construction 

Replacement of lheCD39 C-lerminal transmembrane regit>n with the Fc 
region of human IgGl was accomplished by using a unique HvuW site 
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FIGURE 1. MP-1 cells express high levels of CD39. MP-1 or 
Daudi cells were stained with either anti-CD40 (G-28-5), anti- 
CD39 (B73), murine IgCI isotype control (dashed line), or no 
mAb (solid line in control panels) followed by phycoerythrin- 
conjugated goat anti-mouse IgG. Cells were analyzed by flow 
cytometry as described in Materials and Methods. 



(nucleotide 1480) that lies immediately upstream of the transmembrane 
region. An oligonucleotide linker containing Pvull-BglU ends was used 
to reconstruct the transmembrane region proximal residues and to ligate 
to the Fc domain, essentially as previously described (20), Chimeras of 
human and murine CD39 (Humu and Muhu) were prepared in the 
pDC409 mammalian expression plasmid (21) by using Sph\ and Sstl sites 
present in homologous positions in each gene. Humul was constructed 
by cleaving human CD39 and murine CD39 with Sphl and ligating the 
upstream region of human CD39 with the downstream portion of murine 
CD39. Muhul was constructed by ligating 5p;il-generated upstream and 
downstream portions of murine and human CD39, respectively. Humu2 
was constructed in a similar fashion to Humul, by using 5jr/I-generated 
fragments. To generate Muhu2, an additional 55/1 site present in murine 
CD39 was removed by site-directed mutagenesis. leaving a single Sstl 
site corresponding to the homologous site in the human CD39 and leav- 
ing the amino acid sequence intact. Thus, the Muhu2 construct was analo- 
gous to Muhul, with the exception that 5j/I-generated fragments were used. 

Peptide display library 

A filamentous phage display library (10^ clones) containing random 15- 
mer amino acid sequences fused to the genelll coat protein was con- 
structed and screened by panning according to published protocols (22), 
Biotinylated mAb was bound to culture dishes prccoated with goat anti- 
biotin Ab (Sigma Chemical Co,, St. Louis, MO). The filamentous phage 
library was added to the Ab-coated dishes and incubated for 30 min at 
room temperature. After washing 10 times with TBS, specifically bound 
phage were eluted in the presence of excess nonbiotinylated mAb73. 
Eluted phage were amplified, the process was repeated through two more 
rounds, and recovered phage DNAs were sequenced. The peptide se- 
quences derived from the phage library were aligned to regions in human 
CD39 by using the Multiple Alignment Construction and Analysis Work- 
bench (23). This program aligns sequences with short regions of simi- 
larity, uses a variety of scoring tables, and offers more than one possible 
alignment for each sequence. 

Results 

Molecular cloning of human CD39 

The B73 anti-human CD39 mAb was used to identify a 
CD39^ cell source for cDNA library generation. Flow cyto- 
metric results in Figure 1 demonstrate high level binding of 
B73 mAb to MP-1, an EBV-transformed LCL, but not to 
Daudi, a Burkitt's lymphoma B cell line. In contrast, both cell 
types reacted with G28.5, an anti-CD40 mAb. These results 



are consistent with previous findings demonstrating thai 
CD39 is expressed preferentially on LCL (1-3). 

Poly-A"^ RNA was purified from MP-1 cells and used to 
construct a cDNA library in the pDC303 mammalian expres- 
sion vector. Plasmid DNA representing the entire library of 
approximately 5 X itf^ recombinants was transfected into 
COS-7 cells, and CD39-expressing transfectants were se- 
lected by panning on B73-coated plates. Plasmid DNA was 
recovered from sorted cells, amplified, and the entire process 
repeated through two more rounds (rounds II and 111). Round 
III immunoselection was based upon flow cytometric sorting 
of CD39'^ cells. Recovered plasmid DNA was amplified, di- 
vided into 10 pools (500 recombinants per pool) and trans- 
fected into COS-7 cells grown on slide chambers. Trans- 
fected cells in this and subsequent rounds were screened by 

1-labeIed B73 mAb binding and slide autoradiography. 
Single clones were isolated from each of two B73-positive 
pools by two subsequent rounds of transfection/slide autora- 
diography. One of these clones, pHuCD39, was selected for 
further analysis. 

Sequence analysis of CD39 cDNA 

The nucleotide sequence of the pHuCD39 L9-kb cDNA 
insert was determined (Fig. 2) and analysis of the corre- 
sponding amino acid sequence revealed the following fea- 
tures. An ATG codon marks the amino terminal methio- 
nine of a 510-amino acid protein with a predicted 
molecular mass of 57,000 Da. Human CD39 has two hy- 
drophobic regions of approximately 20 amino acids, one 
near the amino terminus and the other near the carboxyl 
terminus, which could act as transmembrane regions ac- 
cording to the models of Eisenberg et al. (15). There is a 
third hydrophobic region at amino acids 347 to 367. In 
addition, there are six putative A^-linked glycosylation sites 
and 11 cysteine residues. 

Expression of recombinant human CD39 protein 

COS-7 cells transfected with pHuCD39 expressed high lev- 
els of cell surface CD39 by flow cytometry (Fig. 3). By con- 
trast, cells transfected with vector alone did not bind B73 
mAb. The anti-CD39 mAbs AC2 and G28-10, which rec- 
ognize the same epitope as B73, also bound to pHuCD39- 
transfected cells but not to control COS-7 cells. 

Immunoprecipitation experiments were performed to 
further analyze recombinant CD39 expression. CV-1/ 
EBNA cells transfected with either pHuCD39 or an irrel- 
evant control plasmid were surface-labeled with biotin, 
and detergent lysates were prepared. Proteins were immu- 
noprecipitated with B73 mAb and subjected to electro- 
phoresis by SDS-PAGE. Specifically immunoprecipitated 
protein bands were identified by gel blotting and develop- 
ment with a streptavidin-horseradish peroxidase/luminol 
system. Results in Figure 4 indicate B73 binds to a protein 
of approximately 95 kDa from pHuCD39-transfected cells 
(lane 5). This protein band could be distinguished from a 
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closely migrating band also presenl in lane 4, representing 
proteins nonspecifically immunoprecipitated from control- 
transfected cells. In comparison, MP-1 cell lysates were 
immunoprecipitated with either B73 or with anti-CD40 
mAb, resulting in bands of approximately 100 kDa (lane 
2) and 50 kDa (lane 3), respectively. 



Chromosomal localization of human CD39 

Twenty-five metaphases from a normal male were examined 
for fluorescent signal. Twenty-two of these metaphases 
showed signal on one or both chromatids of chromosome 10 
in the region lGq23.1 to q24.l; 75% of this signal was at 
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FIGURE 3. Cells transfected with pHuCD39 plasmid ex- 
press surface CD39. Control plasmid (dashed line) and 
pHuCD39-transfected (solid line) COS-7 cells were stained 
with A, murine IgGl isotype control; B, C-28-10 anti-CD39 
mAb; C, AC2 anti-CD39 mAb; or D, B73 anti-CD39 mAb 
followed by phycoerythrin-conjugated goat anti-mouse IgC. 
Cells were analyzed by flow cytometry as described rn Ma- 
terials and Methods. 



10q23.3 (Fig. 5). There was a total of 16 nonspecific back- 
ground dots observed in these 25 metaphases. A similar result 
was obtained from the hybridization to 20 metaphases from a 
second normal male (data not shown). 

Molecular cloning of murine CD39 

A Northern blot containing Poly(A)"^ or total RNA from 
several murine cell sources was probed with a human 
CD39 antisense riboprobe (Fig. 6). Two activated T cell 
lines (7C2 and 7F9), a pre-B cell line (70Z/3), a mature B 
cell line (WEHI 231), a macrophage cell line (RAW 
264.7), and primary bone marrow macrophages all ex- 
pressed multiple forms of CD39 mRNA distinguishable 
from ribosomal RNA bands. On the basis of these results, 
the 70Z/3 pre-B cell line was chosen as a source of murine 
CD39 mRNA for library development and screening. 
More than 10^ clones from a 70Z/3 cDNA library in AgtlO 
were screened by using a cDNA probe generated from the 
human CD39 sequence. Five clones that demonstrated sig- 
nificant binding to the probe were isolated and plaque- 
purified. These clones had inserts ranging in size from 910 
to 2694 base pairs. One of these clones, 5B, contained an 
entire coding sequence and was selected for further anal- 
ysis. An alignment of the deduced amino acid sequence in 
Figure 7 shows a large degree of sequence similarity be- 
tween human CD39 and murine CD39 with 75% identity 
across the entire molecule. All 1 1 Cys residues and five of 
the putative A^-linked glycosylation sites are conserved be- 
tween human and murine CD39. 

A search of the GenBank database identified a gene 
from Saccharomyces cerevisiae that displayed a high de- 
gree of similarity to CD39. As shown in Figure 7, the yeast 
guanosine diphosphatase (24) has about 27% sequence 
identity to both human and murine CD39 and almost 50% 
similarity. None of the potential A^-linked glycosylation 
sites is conserved, but five consecutive Cys residues in the 
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FIGURE 4. Anti-CD39 immunoprecipitates a 95-kDa mole- 
cule from transfected cells. MP-1 cells {lanes 1-3) or CV-1/ 
EBNA cells transfected with control plasmid (lane 4) or 
pHuCD39 {lane 5) were biotin-labeled and detergent-lysed. Ly- 
sates were immunoprecipitated with isotype control mouse 
IgGl {lane 1), B73 anti-CD39 mAb {lanes 2, 4, 5), or anti-CD40 
mAb {lane 3) and analyzed by SDS-PAGE and Western blotting 
as described in Materials and Methods. Equivalent cell lysate 
numbers were loaded in every lane. 



carboxyl half of CD39 are identically located in the yeast 
protein. 

Epitope mapping and topologic analysis 

We used the charge difference rule (15) to examine the 15 
amino acid residues on either side of the amino terminal 
hydrophobic region of human CD39. This placed the 
amino terminus of CD39 on the inside of the cell mem- 
brane. To more fully delineate molecular topology, a num- 
ber of expression plasmids were generated. First, the 
C-terminal transmembrane region and the sequences 
downstream were removed from human and murine CD39 
and replaced with the Fc region of human IgGl. Binding 
of an anti-human IgGl Ab to these fusion proteins would 
demonstrate the transport of the fusion protein to the cell 
surface. Binding of the B73 mAb would indicate the struc- 
ture of the protein was not greatly perturbed by removal of 
the putative transmembrane region and addition of IgGl 
Fc. COS cells were transfected with the resultant plasmids. 
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FIGURE 5. The human CD39 gene maps to chromosome 10. Metaphase showing FISH with pHuCD39 probe. A) Normal 
male chromosomes stained with propidium iodide. Hybridization sites are indicated by arrows. B) The same metaphase stained 
with DAPI for chromosome identification. 
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FIGURE 6. Northern blot analysis of murine CD39 mRNA 
expression. Total RNA from anti-CD3 activated T cell lines 
7C2 Hane 7) and 7F9 [tane 2) and Po!y(A)-^ RNA from 70Z/3 
{lane 3), WEHI 231 {lane 4), RAW264.7 {lane 5) cell lines 
and bone marrow-derived macrophages [lane 6) were sub- 
jected to electrophoresis, blotted, and hybridized with a hu- 
man CD39 riboprobe as described in Materials and Methods. 

HuCD39-Fc and MuCD39-Fc, and subjected to flow cy- 
tometric analysis. Cells transfected with HuCD39-Fc re- 
tained the ability to react with the B73 mAb as well as 
with goat anti-human IgGl-Fc (Fig. 8). This result sug- 
gested that the portion of CD39 upstream of the C-termi- 
nal transmembrane region is normally extracellular and 
includes the epitope recognized by B73 mAb. Cells trans- 
fected with MuCD39-Fc bound anti-Fc Ah but failed to 
react with B73 mAb (Fig. 8), indicating that the CD39 
epitope is species specific. Taken in conjunction with the 
postulated location of the amino terminus, a preliminary 
model would describe both the amino and carboxyl ter- 
mini of CD39 as intracellular, and the majority of the pro- 
tein would be extracellular. The central hydrophobic re- 
gion could not fully transit the membrane in this model. 

Additional structural analysis was performed by gener- 
ating a scries of human-murinc CD39 chimeric plasmids 
and by using flow cytometry to localize the epitope for the 



873 mAb. This strategy took advantage of 1) the presence 
of conserved restriction enzyme sites between the human 
and murine CD39 nucleotide sequences and 2) the finding 
that the murine B73 mAb fails to react with recombinant 
murine CD39 (Fig. 8). All of the chimeras were con- 
structed as Fc fusion proteins, thus allowing detection of 
recombinant protein at the cell surface in the absence of 
the CD39 epitope. The chimeric proteins are schematically 
represented in Figure 9 along with the percentages of 
transfected cells expressing the chimeric proteins. These 
values are determined on the basis of flow cytometric anal- 
ysis, as depicted in Figure 8. All four of the recombinant 
chimeric proteins reacted with anti-Fc Ab. Muhul reacted 
with anti-CD39, whereas Humul did not, indicating that 
the epitope recognized by B73 mAb lies downstream of 
residue 134 (Fig. 9). Neither Humu2 nor Muhu2 reacted 
with anti-CD39, suggesting that the epitope is not wholly 
contained in the region between amino acid residues 134 
and 330, or in the region between residues 330 and 476 
(Fig. 9). Either the chimeric proteins have greatly altered 
structure, which is unlikely because of the homologous 
nature of the mouse and human protein sequences, or the 
epitope is composed of noncontiguous regions of CD39, 
Additional evidence for the nonlinear nature of the 
CD39 epitope was obtained by using a peptide display 
system with the use of filamentous phage. A phage library 
containing random I5-mer amino acid sequences fused to 
genelll was created and screened for the ability to bind to 
B73 mAb. Several sequences were obtained and aligned 
with the human CD39 sequence. Two regions of similarity 
were identified (Fig. 10), one mapping near residue 155, 
between the Sph\ and 5.s7l sites, and a second region down- 
stream from the. 5.s7l site, centered around residue 450. 
This finding was consistent with the results of the chimera 
analysis (Fig. 9) and suggested the existence of a split 
epitope. 
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FIGURE 7. Alignment of human CD39 and murine CD39 amino acid sequences with yeast guanosine phosphatase se- 
quence. Horizontal bars represent potential N-glycosylation sites; stars Indicate shared cysteine residues; and boxed areas 
represent potential transmembrane regions. Identical residues between all three proteins are shaded in black; similar residues 
are shaded in gray. Caps have been inserted where necessary (dots) to maintain sequence alignment 
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FIGURE 8. Flow cytometric analysis of cells expressing hu- 
man and murine CD39-Fc molecules. COS were transfected 
with plasmids encoding full-length human CD39 cDNA 
{HuCD39), human or murine CD39 with the carboxy-termi- 
nal transmembrane region replaced by human IgGI-Fc 
(HuCD39-Fc and MuCD39-Fc), or human-murine CD39 chi- 
meras. Transfected cells were incubated with either biotiny- 
lated B73 mAb (anti-CD39) or anti-human Fc followed by 
SA-PE, and developed for flow cytometric analysis as de- 
scribed in Materials and Methods. 



Discussion 

This paper describes the cloning and molecular character- 
ization of the CD39 activation Ag. Aji immunoselection- 
based technique with an anti-CD39 mAb was used to iso- 
late from an EBV-positive cell line cDNA library a clone 
encoding full-length human CD39. Cells transfected with 
the pHuCD39 expression plasmid reacted with three anti- 
CD39 mAbs directed against the same epitope (Fig. 3). 
The B73 mAb immunoprecipitated a protein of approxi- 
mately 95 kDa from transfected cells, consistent with the 
reported m.w. of native CD39 (3, 4, 7). Moreover, the 
predicted peptide molecular mass (57 kDa) and the pres- 
ence of six potential N-glycosylation sites on recombinant 
CD39 is consistent with the observed molecular mass (54 
kDa) of native CD39 after enzymatic removal of A^-linked 
sugars (4). These observations indicate that the recombi- 



nant molecule is likely to be CD39. However, given the 
unavailability of anti-CD39 mAbs directed against other 
epitopes, further confirmation of identity must await on- 
going attempts to obtain amino acid sequence of native 
CD39 and the development of mAbs against the recombi- 
nant molecule. 

In consideration of the possibility that the cloned mol- 
ecule is not itself CD39 but actually is required for ex- 
pression of CD39 by transfected cells, we transfected mu- 
rine macrophages with the human CD39 expression 
plasmid. The B73 anti-human CD39 mAb bound to the 
transfected murine cells but not to mock-transfected mac- 
rophages (our manuscript in preparation). Because this 
mAb does not cross-react with murine CD39, we con- 
cluded that de novo synthesis of recombinant human 
CD39 occurred in these cells. In addition, we have deter- 
mined by fluorescence microscopy that untransfected or 
mock-transfected COS cells do not express intracellular 
CD39 (data not shown), indicating that the recombinant 
protein is not simply allowing cell surface expression of 
constitutively synthesized, native CD39. 

The structure of CD39 in the cell membrane was inves- 
tigated by using several approaches. Protein sequence 
analysis identified three hydrophobic regions. The amino- 
and carboxyl-terminal regions are sufficiently hydrophobic 
to be transmembrane helices; by the same model, the cen- 
tral hydrophobic region would not be capable of fully pen- 
etrating the helix on its own but could form a transmem- 
brane helix if the other two helices helped stabilize it (16). 
The topology of the molecule in the membrane would de- 
pend upon the spatial location of the amino and carboxyl 
termini. The charge distribution at the amino terminus 
places it on the cytoplasmic side of the membrane. Con- 
structions that remove the C-terminal hydrophobic region 
and replace it with human Fc demonstrate the sequences 
proximal to this region are outside the cell, thus placing 
the C terminus inside. The human Fc region is undetect- 
able when cells are transfected with a plasmid construct 
consisting of full-length human CD39 ligatcd to human 
IgGl Fc (data not shown). The presence of both the amino 
and carboxyl termini in the cytoplasm implies that the cen- 
tral hydrophobic region cither does not fully penetrate the 
membrane or is not associated with the membrane at all. 

Chimeras between murine CD39, which does not react 
with the B73 mAb, and human CD39 were constructed to 
localize the CD39 epitope and further define extracellular 
region structure. From the flow cytometric data (Figs. 8 
and 9), it would seem that the epitope recognized by B73 
is located downstream from the location of the Sphl site 
that encompasses amino acids 134 to 136 (Fig. 9). It would 
also seem that the epitope is not linear, that is, human 
CD39 sequences upstream and downstream of residue 330 
are required for B73 mAb binding. This conclusion is sup- 
ported by results from panning experiments with the phage 
display system. The two regions of human CD39 identified 
by the 16-phage sequences fall within the candidate 
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FIGURE 9. Cell surface expression 
of human-murine CD39 chimeras. 
The murine and human regions of 
CD39 for each construction are sche- 
matically represented. Boxes indicate 
locations of hydrophobic regions. 
COS cells transfected with plasmids 
containing the depicted cDNA inserts 
were analyzed by flow cytometry for 
cell surface expression of 1) the hu- 
man CD39 epitope recognized by 
B73 mAb or 2) human IgCI Fc rec- 
ognized by goat anti-human Ab as de- 
scribed in Materials and Methods, 
The percentages of cells positively 
staining with each Ab are presented 
next to each plasmid construct. 
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FIGURE 10. Alignment of phage-derived amino acid se- 
quences with regions of CD39. Sixteen sequences from 
phage panned with B73 mAb were analyzed and aligned 
with human CD39 by using the Multiple Sequence Align- 
ment Construction and Analysis Workbench (23). A) region 
of CD39 with highest similarity to phage-derived sequences. 
B) region of second highest similarity. 

epitope regions as identified by chimera analysis. The first 
region, centered around an Arg-Ser-Leu-Ser motif at residue 
155, yielded the best alignment between CD39 and some 
phage sequences. In one phage sequence, 11-D2010, 11 of 
the 15 residues display a high degree of similarity to CD39. 
Several residues in this region differ between human and mu- 
rine CD39, The second region, near residue 451, does not 
display quite the degree of similarity as the first site; none- 
theless, several residues in the phage sequences align very 
well with amino acids within this region of CD39. Further 
mutagenesis of human CD39, concentrating on these two re- 
gions, will be necessary to confinm the split epitope 
hypothesis. 



The similarity between yeast guanosine diphosphatasc 
and CD39 is intriguing. Guanosine diphosphatasc is a type 
II membrane protein with a cytoplasmic amino terminus 
(24); however, there is no carboxyl-terminal hydrophobic 
region analogous to that found in CD39, as the sequence of 
guanine diphosphatase ends a few residues upstream of 
this site. Nevertheless, sequence similarity extends across 
the length of the guanosine diphosphatase molecule (Fig. 
7). The high degree of similarity between CD39 and 
guanosine diphosphatase suggests that these proteins form, 
at the very least, a structurally related family of molecules. 
Guanosine diphosphatase is found in the lumen of the 
Golgi apparatus and is involved in glycosylation of pro- 
teins and sphingolipids, catalyzing the removal of a phos- 
phate from a GDP after sugar transfer (25). Whether CD39 
has an associated enzymatic activity remains to be deter- 
mined. Nonetheless, enzymatic activities have been attrib- 
uted to other lymphoid cell surface molecules, notably 
CD38, which catalyzes the synthesis of cyclic ADP-ribose 
that can enhance B cell proliferation (26). 

Previous reports have demonstrated that certain mAbs 
to CD39, including AC2 and G-28-10, can trigger homo- 
typic adhesion (4, 6). This function is also displayed by 
several other B cell surface molecules, including CD 19. 
CD20, CD40, and MHC class II (6). Although additional 
activities have been attributed to these molecules, the rele- 
vance of homotypic adhesion to B cell function remains un- 
clear as does the means by which signals for these different 
activities are transduced. In fact, there are no obvious corre- 
lations between structure and the ability of each of these mol- 
ecules to signal homotypic adhesion. It is possible, however, 
that this function is mediated by way of interactions with one 
or more additional molecules at the cell surface. CD39, lack- 
ing both a sizable intracellular region and obvious intracel- 
lular catalytic sites, would seem unlikely to directly transmit 
biologic signals. Additional experimentation will be required 
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to define the mechanisin(s) by which CD39 mediates bio- 
logic activity (i.e., receptor vs enzyme). 
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